In this paper we discuss the relations between various decays that can be obtained by combining heavyquark perturbation theory and chiral perturbation theory for the emission of soft pseudoscalar particles.
Similarly, the chiral symmetry of QCD constrains the interactions of pions and kaons at lowenergy. This approximate symmetry arises because the masses of the light quarks u, d, s are well below the scale Λ QCD ∼ 300 MeV which governs nonperturbative QCD. At low energies, the approximate SU(3) L × SU(3) R chiral symmetry of QCD is spontaneously broken down to its SU(3) V subgroup. The Goldstone theorem then gives rise to the octet of the Goldstone bosons which are essentially identified with the light octet of pions, kaons and eta. The effective theory of heavy and light mesons is based on the assumption that the energy release in the reactions among pions and kaons (and possibly photons) is small and allows a controlled expansion in terms of derivatives and quark mass insertions.
It is clear that while in most cases of heavy meson or baryon decays the energy release is rather large, there is always a part of the phase space where the momentum of the produced pions or kaons is small. This is the case in semileptonic decays of B-flavored mesons to pions and nonleptonic multibody B decays. Thus a consistent description of the heavy to light weak transitions, not available in HQET alone, is possible in the combined-heavy quark and chiralsymmetry limit [2, 3, 4] .
In order to write a heavy-quark chiral Lagrangian and to establish notations, recall that the pseudo-Goldstone bosons are incorporated in a 3 × 3 unitary matrix [5] 
Here F = 0.093 GeV is the pseudoscalar decay constant at lowest order in chiral expansion. In order to build a Lagrangian satisfying the desired transformation properties, one must consider how this field changes under the QCD symmetry transformations. Under chiral SU(3) L ×SU(3) R ,the field U transforms as
where L(R) belongs to SU(3) L (SU(3) R ). It is also convenient to introduce the field ζ : U = ζζ with
with V from SU(3) V . Because the heavy quark is a singlet under the light-quark flavor symmetry, the heavy-hadron multiplet transforms as
under unbroken SU ( ). Therefore, it must be explicitly included in the description. The superfield formalism [6] (see also [7] ) in which the B and the B * are incorporated into a 4 × 4 matrix serves this purpose:
In order to build an effective Lagrangian, a covariant derivative is needed. Since V is a position-dependent matrix, the covariant derivative is defined as
An axial current A µ is introduced analogously:
These are all the components necessary to build an effective Lagrangian invariant under both the chiral and heavy-quark symmetries [2, 3, 4 ]
The normalization of the heavy hadron fields is chosen such that they have (mass) dimension 3 2 . This Lagrangian is useful in the processes where two heavy mesons and an arbitrary number of light pseudoscalars are involved, e.g., B → Dnπ. An example, is the rate for the strong decays of excited B * states such as B * (5732)toBπ whose rate is given by
and which allows a qualitative estimate of the value for g. Similar estimates are possible for strong decays of higher excitations of heavy mesons [8] .
There are many applications of the heavy-quark chiral perturbation theory in B meson decays. It is not difficult to extend the strong Lagrangian discussed above to the weak transitions. The matrix element of the current J h µ =qγ µ (1 + γ 5 )b transforms as (3 L , 1 R ) under SU(3) L × SU(3) R and is therefore given by
where the coefficient is fixed by the definition of the B-meson decay constant. Then, the total weak current J µ consists of all the usual terms (light quarks, leptons) plus J h µ , and the decay Lagrangian is simply
where ζ q denotes the appropriate factors of CKM matrix elements.
As a simple example, take the semileptonic decay B → πlν. The relevant hadronic matrix element is
where ∆ = m B * − m B ≃ 50 MeV/c 2 . The expressions (8) and (5) can be used to estimate semileptonic or hadronic B decays with many pions in the final state, such as B → 3π. These are required for estimates of the background to CP searches using decays such as B → πρ .However, the high pion momenta in large areas of the phase space for such decays make such estimates untrustworthy; a more serious attempt would require additional considerations, a combination of HQChPT and phenomenological descriptions, or perhaps modeling of the process.
An improvement is possible if the decays can be modeled as proceeding via one or several intermediate resonances. For instance, the semileptonic decay B → πlν can proceed through an intermediate step where the B decays first to a B * and a π, and the B * decays leptonically. If this route is dominant, a good representation of the decay is possible. Equally, multibody decays to several pions, such as B → 3π can be treated this way. The problem is that the method works only for limited regions of phase space, and therefore no systematic investigation has been undertaken. It is however extremely useful for studies of direct CP-violating effects on the appropriate portions of the available phase space. For instance, heavy-quark chiral-perturbation theory can be used to estimate the resonance-background CP-violating asymmetries in B → πππ vs. B → χ 0 π → πππ [9] as the interference occurs in the region where the momentum of one of the pions is soft.
A similar formalism can be applied to semileptonic and nonleptonic D decays as well as to rare decays of the type B → Kl + l − .
This procedure fixes the semileptonic form factor at low values of the pion momentum. The use of the perturbative QCD at higher values and the application of dispersion relation techniques constrain the behavior of the semileptonic form factor over virtually the whole range of the pion momenta in B → πlν [10] . It has also been noted that an "effective" model for the semileptonic and nonleptonic D decays can be constructed, based on the fact that the relatively low mass of the D meson allows for zero-recoil values of the form factors, fixed by the chiral predictions, to be successfully extrapolated from the zero-recoil point by assuming a pole-like structure of the form factors using "full propagators" instead of the HQET ones [11] .
Conclusion
In conclusion, we discussed different approches to many-body channels. The idea is to apply QCD fragmentation methods to the fast-moving quarks produced in the decay of a b quark. This approach used to develop a generator that describes generic B decays as completely as possible.
